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(54) MOLD-SHAPE DESIGNING DEVICE 

(57)Abstract: 

PURPOSE: To design a mold capable of molding plastic moldings 
with high accuracy by providing an NC data preparation section 
machining a mold having a molded surface shape correcting resin 
shrinkage on the basis of shape regression formula obtained by a 
mold-shape correction section. 

CONSTITUTION: A regression-curve arithmetic section 4 
computing the regression curve of an aspheric lens and a mold on 
the basis of measured data displaying the shapes of the aspheric 
lens and the mold acquiired by a shape measuring section 3 
capable of measuring the shape of the aspheric surface of a form 
tally serf (phonetic), a three-dimensional measuring machine, etc., 
is provided. The quantity of a resin shrunk at the time of the 
injection molding of the aspheric lens and the resin shrinkage- 
quantity correction shape of the mold are arithmetically operated 
by a mold-shape correction section 5 on the basis of the 
regression result of the aspheric lens and the mold obtained by the 
regression-curve arithmetic section 4, and NC data are prepared 
by an NC data preparation section 6 on the basis of an arithmetic 
result in the mold-shape correction section 5. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the metal mold geometric design equipment which carries out a design change to the configuration 
which can amend contraction of the melting resin which was filled up with the configuration of the shaping side 
of the above-mentioned metal mold by this metal mold in designing the metal mold for plastics injection 
molding The configuration regression operation part which computes the configuration regression showing the 
configuration of the shaping side of the metal mold which fabricated the fabricated field and this fabricated field 
of the above-mentioned mold goods based on the configuration measurement data of the shaping side of the 
metal mold which fabricated the fabricated field of the mold goods fabricated by the metal mold before the 
above-mentioned design change, and these mold goods, Based on the configuration regression of the above- 
mentioned mold goods called for in this configuration regression operation part, and the above-mentioned metal 
mold, the amount of resin contraction of the above-mentioned mold goods is calculated. By this The metal mold 
configuration amendment section which computes the configuration regression of the metal mold with which a 
part for the above-mentioned resin contraction was amended based on the obtained resin contraction data and 
the metal mold design data before the above-mentioned design change, Metal mold geometric design equipment 
characterized by providing NC data origination section which creates NC data for processing the metal mold 
which has the shaping side configuration which can amend resin contraction based on the configuration 
regression obtained in this metal mold configuration amendment section. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Objects of the Invention] 

[0001] 

[Industrial Application] This invention relates to the metal mold geometric design equipment which carries out 
design automation of the metal mold which carries out injection molding of the precision components, such as a 
plastic lens. 
[0002] 

[Description of the Prior Art] Generally, in injection molding of precision components, such as a plastic lens, 
optimization of a process condition and metal mold structure is indispensable. In this case, optimization of 
metal mold structure is performed by the technique of feeding back an evaluation result to metal mold 
manufacture about arrangement examination of the cooling pipe aiming at an improvement of the gate for 
distorted deformation prevention of mold goods, and a runner configuration, and homogeneity cooling of mold 
goods etc. 

[0003] However, by the cooling process, even if a die temperature is equalized, since the temperature hysteresis 
inside mold goods differs, contraction distortion is produced and transformed. When mold goods are optics, 
such as a plastic lens, this contraction distortion will spoil an optical property remarkably, and serves as the 
main factor of a yield fall. Then, although the approach of controlling a die temperature dynamically is 
conventionally examined as the technique of reducing contraction distortion, it has the fault which causes the 
rise of the production cost by the effectiveness not being enough and the metal mold itself being complicated 
(the CE= of an "IEEE" meeting magazine 33 volumes, No. 3, 256th page - the 265th page, and Showa 62 issue 
reference.). 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, since the method of reducing the conventional 
contraction distortion controls a die temperature dynamically in injection molding, it enlarges and it fully 
[ repeatability ] has that the metal mold itself is complicated and the fault which causes the rise of a production 
cost. 

[0005] This invention was made in consideration of the above-mentioned situation, and it aims at that the metal 
mold itself is complicated and offering the metal mold geometric design equipment which can design metal 
mold so that ply tic mold goods can be fabricated with high degree of accuracy, without enlarging. 
[Elements of the Invention] 
[0006] 

[Means for Solving the Problem] This invention asks for the configuration regression curve of the shaping side 
of a plastic part and its shaping metal mold, calculates the amount of resin contraction which generates in 
connection with injection molding of a plastic part from these based on observation data, calculates the 
configuration regression curve which shows the contraction amendment configuration of the shaping side of the 
metal mold which can amend and absorb the configuration error by resin contraction of a plastic part based on 
this amount of resin contraction, and creates NC data from this configuration regression curve further. 
[0007] 

[Function] The metal mold geometric design equipment of this invention which has such a configuration can 
reduce remarkably the configuration error which originates in the resin contraction of a plastic part by which 
injection molding was carried out with metal mold, and can attain a desired injection-molding precision. 
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[0008] 

[Example] Hereafter, one example of this invention is explained in full detail with reference to a drawing. 
[0009] Drawing 1 shows the metal mold geometric design equipment of this example. This metal mold 
geometric design equipment is what is used for the design automation of the configuration of the metal mold 2 
of an aspheric lens 1 which is shown in drawing 2 , and by which plastics injection molding was carried out. 
That configuration For example, the regression curve operation part 4 which computes the regression curve of 
an aspheric lens 1 and metal mold 2 based on the measurement data in which the configurations of the aspheric 
lens 1 called for by the configuration test section 3 in which configuration measurement of the aspheric 
surfaces, such as Form Talysurf and a three dimensional measurer, is possible, and metal mold 2 are shown, The 
metal mold configuration amendment section 5 which is based on the recursion result of the aspheric lens 1 and 
metal mold 2 which were called for by this regression curve operation part 4, calculates the amount of resin 
contraction at the time of injection molding of an aspheric lens 1, and calculates the amount amendment 
configuration of resin contraction of metal mold 2, It consists of the NC data origination section 6 which creates 
NC data based on the result of an operation in this metal mold configuration amendment section 5. An aspheric 
surface medial-axis retrieval means 7 to carry out a deer, and for the regression curve operation part 4 to make a 
computer a subject, and to search for an aspheric surface medial axis using the attenuation least square method 
from the above-mentioned measurement data, The aspheric surface medial axis called for with this aspheric 
surface medial-axis retrieval means 7 (it is generated at the time of setting of the device under test at the time of 
configuration measurement.) Whenever [ aspheric surface medial-axis tilt-angle / which searches for theta using 
the attenuation least square method whenever / tilt-angle ] The retrieval means 8, The radius of curvature R 
which is the parameter of regression curves other than theta whenever [ tilt-angle / of an aspheric surface medial 
axis and an aspheric surface medial axis ] A configuration regression curve calculation means 9 to calculate the 
cone constant K and an aspheric surface constant (Al, A2, A3, — ) using the attenuation least square method, 
and to compute the configuration regression curves Zl and Z2 of an aspheric lens 1 and metal mold 2, It 
consists of a deflection Fig. creation means 10 to graph-ize the above-mentioned configuration regression 
curves Zl and Z2. On the other hand, the metal mold configuration amendment section 5 is what makes a 
computer a subject. An amount operation means 1 1 of resin contraction to subtract the configuration regression 
curves Zl and Z2 of an aspheric lens 1 and metal mold 2 computed with the configuration regression curve 
calculation means 9, and to search for the difference as an amount SR of resin contraction, A contraction 
amendment configuration data operation means 12 to ask for contraction amendment configuration data by 
adding the amount SR of resin contraction calculated with this amount operation means 1 1 of resin contraction 
to the design configuration of an aspheric lens 1, It consists of an amendment configuration regression curve 
calculation means 1 3 to compute each constant (radius of curvature, a cone constant, aspheric surface constant) 
of the regression curve type of an amendment configuration based on the contraction amendment configuration 
data called for with this contraction amendment configuration data operation means 12, and to ask for the 
configuration regression curve Z3 of a contraction amendment configuration. On the other hand, NC data 
origination section 6 consists of the CAD section 14 which creates a metal mold design drawing based on the 
configuration regression curve Z3 called for with the amendment configuration regression curve calculation 
means 13, and the CAM section 15 which creates an NC tape based on the metal mold design drawing data 
created in this CAD section 14. A deer is carried out, and the CAD section 14 is formed so that the processing 
Fig. which fitted this metal mold engineering drawing to machining with creation of metal mold engineering 
drawing may be created. Moreover, in the CAM section 15, after determining the processing conditions when 
using these for the machine tool and tool list for processing, NC data are created, the precision check of NC data 
on the basis of the above-mentioned metal mold amendment configuration is performed further, and, finally an 
NC tape is created. Below, actuation of the metal mold geometric design equipment of the above-mentioned 
configuration is described. 

[0010] First, drawing 2 shows metal mold 2 and the aspheric lens 1 by which injection molding was carried out 
with this metal mold 2. This aspheric lens 1 consists of thermoplastics, such as polyphenylene sulfide (PPS), an 
acrylic (PMMA), and polystyrene (PS). And this aspheric lens 1 is contracted in cooling / solidification process. 
Consequently, lens side la of this aspheric lens 1 has the configuration error to the original design configuration 
(refer to drawing 2 arrow head). Then, in this example, the configurations of shaping side 2a of metal mold 2 
and lens side la of an aspheric lens 1 are first measured by the configuration test sections 3, such as Form 
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Talysurf, ( drawing 3 , block 20). Drawing 4 shows the configuration measurement result of lens side la at this 
time, a straight line LI shows a design configuration, and the curve CI shows the lens measurement 
configuration. As this drawing 3 shows, lens side la has a configuration error to a design configuration, and that 
deflection (peak two peak value) has become 4.32 micrometers. This configuration error originates mainly in 
the resin contraction at the time of injection molding. Based on the measurement data in which the 
configurations of the aspheric lens 1 called for by the configuration test section 3 and metal mold 2 are shown 
below, it searches for an aspheric surface medial axis using the attenuation least square method using the 
aspheric surface medial-axis retrieval means 7. A deer is carried out and it searches [ whenever / aspheric 
surface medial-axis tilt-angle ] for theta using the attenuation least square method whenever [ tilt-angle / of the 
aspheric surface medial axis called for with the aspheric surface medial-axis retrieval means 7 in the retrieval 
means 8 ]. Next, with the configuration regression curve calculation means 9, the radius of curvature R which is 
the parameter of regression curves other than theta whenever [ tilt-angle / of said aspheric surface medial axis 
and said aspheric surface medial axis ], the cone constant K, and an aspheric surface constant (Al, A2, A3, — ) 
are calculated using the attenuation least square method. Furthermore, based on the parameter of the called-for 
regression curve, the configuration regression curves Zl and Z2 of a lens 1 and metal mold 2 are computed 
( drawing 3 , block 21). Here, the bottom type (1) shows the configuration regression curve type used at this 
time, namely, ~ (X2 / {R2-(K+1) X2} l/Z=[2]+sigmaAnXn .... 1 [001 1]) However, this formula (1) Setting, for 
Z shaft-orientations value and X, a shaft-orientations value and R are [ Z / a cone constant and An of radius of 
curvature and K ] the n-th aspheric surface constants. Here, drawing 5 shows the recursion result of lens side 1 a 
of the aspheric lens 1 graph-ized in the deflection Fig. creation means 10. In this drawing 4 , a straight line L2 
shows the configuration regression curve of lens side la, and the curve C2 shows the configuration error of the 
lens measurement configuration over configuration recursion. And the deflection (peak two peak value) of this 
configuration error is 0.16 micrometers. On the other hand, drawing 6 shows the recursion result of shaping side 
2a of metal mold 2. In this drawing 6 , a straight line L3 shows configuration recursion of shaping side 2a, and 
the curve C3 shows the configuration error of the shaping side measurement configuration over configuration 
recursion. And the deflection (peak two peak value) of this configuration error is 0.16 micrometers. In this way, 
the configuration regression curves Zl and Z2 which suited measurement data most are formulas (1). It is 
expressed with the aspheric surface type. It continues, and with the amount operation means 1 1 of resin 
contraction, the configuration regression curves Zl and Z2 of an aspheric lens 1 and metal mold 2 are 
subtracted, and the difference is searched for as an amount SR of resin contraction (drawing 3, block 22). 
Furthermore, it asks for contraction amendment configuration data by adding the amount SR of resin 
contraction (referring to drawing 2 ) calculated with this amount operation means 1 1 of resin contraction in the 
contraction amendment configuration data operation means 12 to the design configuration data of the aspheric 
lens 1 currently called for beforehand ( drawing 3 , block 23). Next, with the amendment configuration 
regression curve calculation means 13 It is based on the contraction amendment configuration data called for 
with the contraction amendment configuration data operation means 12. Each constant (radius of curvature, a 
cone constant, aspheric surface constant) of the regression curve type of a metal mold amendment configuration 
is computed. It asks for the configuration regression curve Z3 which shows the configuration of shaping side 2a 
of the metal mold 2 which can amend and absorb the configuration error of lens side 1 a which originates in the 
contraction accompanying injection molding of an aspheric lens 1 ( drawing 3 , block 24). Furthermore, based 
on the metal mold design drawing data both created in this CAD section 14 as if a metal mold design drawing is 
created in the CAD section 14 in NC data origination section 6 based on the configuration regression curve Z3 
called for with the amendment configuration regression curve calculation means 13, an NC tape is created in the 
CAM section 15, and metal mold is created by NC machining ( drawing 3 , block 25). 
[0012] As mentioned above, the metal mold geometric design equipment of this example It asks for the 
configuration regression curves Zl and Z2 of lens side la of an aspheric lens 1 , and shaping side 2a of metal 
mold 2 based on observation data. It asks for the configuration regression curve Z3 which shows the 
configuration of shaping side 2a of the metal mold 2 which can amend and absorb the configuration error of 
lens side la which originates in the resin contraction accompanying injection molding of an aspheric lens 1 
based on the amount of resin contraction of lens side la called for from these. It is what created NC data from 
this configuration regression curve Z3, and the configuration error of the aspheric lens 1 by which injection 
molding was carried out with metal mold 2 which originates mainly in resin contraction can be reduced 
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remarkably. Incidentally, drawing 7 shows the configuration error (curve C4) of the measurement configuration 
over the contraction amendment configuration (straight line L4) of shaping side 2a <refer to the drawing 2 
fictitious outline> of the metal mold 2 which amended a part for resin contraction with the metal mold 
geometric design equipment of this example. The configuration deflection at this time (peak two peak value) 
was 0.18 micrometers. On the other hand, drawing 8 shows the configuration error (curve C5) of the 
measurement configuration over the design configuration (straight line L5) of the lens fabricated using the 
metal mold 2 which amended a part for resin contraction. The configuration deflection at this time (peak two 
peak value) was 0.28 micrometers. Therefore, the configuration error of an aspheric lens 1 and metal mold 2 
was 0.1 micrometers, and a part for the resin contraction at the time of injection molding of an aspheric lens 1 
was absorbed by configuration amendment of metal mold 2, and was able to attain a desired injection-molding 
precision. 

[0013] In addition, although the metal mold geometric design equipment of the above-mentioned example is 
used for amendment of the metal mold configuration aiming at absorbing a part for the resin contraction at the 
time of injection molding, it may be connected and used for the shaping exchange expert system which 
performs design automation of the injection-molding conditions of an aspheric lens for the metal mold 
geometric design equipment of this example. Moreover, although the metal mold geometric design equipment 
of the above-mentioned example has illustrated injection molding of an aspheric lens, as long as it is metal mold 
shaping of plastics, it is not restrained by mold goods and the shaping approach. 
[0014] 

[Effect of the Invention] The metal mold geometric design equipment of this invention asks for the 
configuration regression curve of the shaping side of a plastic part and its shaping metal mold based on 
observation data. The amount of resin contraction generated in connection with injection molding of a plastic 
part from these is calculated. The configuration regression curve which shows the configuration of the shaping 
side of the metal mold which can amend and absorb the configuration error by resin contraction of a plastic part 
based on this amount of resin contraction is calculated. Furthermore, it is what created NC data from this 
configuration regression curve, and the configuration error which originates in the resin contraction of a plastic 
part by which injection molding was carried out with metal mold can be reduced remarkably, and a desired 
injection-molding precision can be attained. 

[Translation done.] 
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[Drawing 2] 
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[Drawing 4 ] 
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[Drawing 5] 
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